Background: High-grade serous ovarian cancer (HGSOC) is one of the most common ovarian epithelial malignancies. tRNA-derived fragments (tRFs) have been identified as novel potential biomarkers and targets for cancer therapy. Nevertheless, the influence of tRFs on HGSOC remains unknown. This study aimed to identify HGSOC-associated tRFs and to investigate the function and mechanism of key tRFs in SK-OV-3 ovarian cancer cells. Methods: The tRF profiles in HGSOC patients and controls were investigated using small RNA sequencing. Differentially expressed tRFs were verified by real-time PCR, and a key tRF was evaluated in a function study. Results: A total of 27 tRFs were differentially expressed between HGSOC patients and controls. Differentially expressed tRFs were mainly involved in the functions of protein phosphorylation, transcription and cell migration and the pathway of cancer, and the MAPK and Wnt signaling pathways. Real-time PCR verified that tRF-03357 and tRF-03358 were significantly increased in the HGSOC serum samples and SK-OV-3 cells compared to their expression levels in the controls. Importantly, tRF-03357 promoted SK-OV-3 cell proliferation, migration and invasion. Moreover, tRF-03357 was predictively targeted, and significantly downregulated HMBOX1. Conclusion: This study suggests that tRF-03357 might promote cell proliferation, migration and invasion, partly by modulating HMBOX1 in HGSOC.
Introduction
Epithelial ovarian cancer is one of the deadliest malignancies among the gynecological malignant tumors. High-grade serous ovarian cancer (HGSOC) is the most frequent and deadly type of epithelial ovarian carcinoma and accounts for 75% of ovarian cancer cases. 1 The onset of ovarian cancer is insidious, and the early stage lacks specific symptoms. More than 70% of ovarian cancer patients are diagnosed with advanced ovarian cancer. Under these conditions, the five-year survival rate of ovarian cancer patients drops below 30%. 2 Currently, no specific peripheral blood screening method is available for ovarian cancer.
Transfer RNA-derived fragments (tRFs) are a novel class of noncoding RNA rooted in tRNAs 3, 4 that are 14-35 nucleotides (nt). 5 Initially, tRFs were classified progression and neurodegeneration via regulation of gene expression. 7, 8 Since tRFs can bind to Argonaute proteins (similar to miRNAs) and Piwi proteins (similar to piRNAs), their disruption may play a key role in cancer by regulating gene expression at different levels. 9 Recently, tRFs have been identified as novel potential biomarkers and cancer treatment targets. 10 A tRF signature has been detected in ovarian cancer tissues. 11 However, the tRF profiles in the peripheral blood of ovarian cancer patients remain unknown, and the role of tRFs in ovarian cancer remain unclear.
In the present research, we aimed to screen HGSOCrelated tRFs and explored the possible functions of key tRFs in ovarian cancer cells. Serum samples from HGSOC patients and healthy donors were analyzed using small RNA sequencing. Then, the effect of a differentially expressed tRF on ovarian cancer cells was assessed using the Cell Counting Kit-8 (CCK-8), Transwell and terminal deoxyribonucleotidyltransferse (TdT)-mediated biotin-16-dUTP nick-end labeling(TUNEL) assays.
Materials and methods

Ovarian cancer patients and data collection
This study includes serum samples from 23 ovarian cancer patients and 18 healthy donors. Small RNA sequencing was performed with serum samples from three HGSOC patients and three controls. Information from the participants enrolled in the small RNA sequencing study is shown in Table S1 . Real-time PCR was performed on serum samples from 20 ovarian cancer patients and 15 healthy controls; the characteristics of the patients are displayed in Table S2 . Patients with hypertension, diabetes mellitus and infectious diseases were excluded in both groups. This study was approved by the ethics committee of the First Affiliated Hospital of Anhui Medical University. All women provided written informed consent.
RNA isolation, library construction and small RNA sequencing Total RNA was isolated from the serum samples using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA). The quality and quantity of the isolated RNA were measured using the Nanodrop 2000 (Thermo Fisher, MA, USA). The small RNA libraries were constructed and sequenced by Yingbio (Shanghai, China). Briefly, 3ʹ-and 5ʹ-adapters were combined with the small RNAs; then, complementary DNA (cDNA) was synthesized, and PCR was performed. RNA in the 135-170 nt size range was excised by polyacrylamide gel electrophoresis and purified. After quantitative analysis and quality inspection, the six libraries were sequenced using the IlluminaHiSeq 2500 (Illumina, San Diego, CA, USA).
Bioinformatics analysis
Reads shorter than 15 nt and with low quality were filtered out from the raw sequencing data. To identify tRFs, all clean reads were compared with the miRBase database (http://www.mir base.org/) to obtain identified known miRNAs. Sequences that could not be compared to the miRBase were mapped to the piwi-interacting RNA (piRNA) database to obtain piRNAs. Sequences that still were not mapped were mapped to the Genomic tRNA database (http://gtrnadb.ucsc.edu/) and tRFdb(http://genome.bioch.virginia.edu/trfdb/) to obtain the tRFs. Differentially expressed tRFs was identified based on a|log2-fold change|>1 and FDR<0.05. miRanda (http:// www.microrna.org/microrna/home.do) and RNAhybrid (https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid) was used to predict target genes of the differently expressed tRFs. The significantly target genes were obtained by intersecting miRanda (score >150; energy <-20) and RNAhybrid (energy <-25). The functions of these target genes were analyzed via gene ontology (GO). Pathways in which the target genes were enriched were identified using the Kyoto Encyclopedia of Genes and Genomes (KEGG) database.
Real-time PCR
RNA isolated from serum samples of 20 patients with ovarian cancer and 15 donors was reverse transcribed to cDNA using a reverse transcription kit(ThermoScientific, Madison, WI, USA). In brief, 1 μg RNA was added with 1 μL 3ʹ adaptor and nuclease-free water to a total volume of 7 μL, and incubated at 70°C for 2 min. The reactions were added with 10 μL 3ʹligation reaction buffer (2X) and 3 μL 3ʹ ligation enzyme, and incubated at 25°C for 60 min, added with 1 μL 3ʹprimer and nuclease-free water to 25.5 μL volume, incubation for 5 min at 75°C, 15 min for 37°C and 25°C, respectively. Productions were added with 1 μL 5ʹadaptor, 1 μL 5ʹligation reaction buffer (10X), 2.5 μL 5ʹligation enzyme and incubatedat 25°C for 60 min. Samples were then added with 8 μL first strand synthesis reaction buffer, 1 μL RNase inhibitor and 1 μL reverse transcriptase, and incubated at 50°C for 60 min. The realtime PCR was performed using the ABI PRISM 7900 Sequence Detector system (Applied Biosystems, Foster City, CA, USA) based on the manufacturer's instructions. The primers are shown in Table 1 . The relative expression levels of the tRFs were analyzed with the 2 −ΔΔCT method. The results were normalized to the expression of the endogenous control gene U6 supported by previous studies.
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Cell culture and transfection 
Cell proliferation assay
Many methods are used to study cell proliferation. In this experiment, cell proliferation was examined with the 
Transwell assays
The cell migration assay was performed with 0.8 μm 24-well Transwell chambers (FALCON), and the cell invasion assay was performed using BioCoat™ Matrigel ® (0.8 μm, 24-well Transwell chambers; BioCoat). The cell culture medium was aspirated, and the cells were washed with an appropriate amount of 1X PBS containing 0.25% trypsin-EDTA. The cells were returned to the incubator for digestion for 3 min. After the cells were resected and rounded, an equal amount of complete medium was added to terminate digestion. After centrifugation at 200×g for 3 min, the supernatant was removed, the cells were resuspended in serum-free McCoy's 5A medium, and the cell concentration was adjusted to 2×10 5 cells/mL. A total of 700 μL of medium containing 10% serum was added to the lower chamber, and 500 μL of the cell suspension was added to the upper chamber; then, the cells were incubated for 24 h. The cells in the upper chamber were removed, and the cells in the lower section were stained with 0.1% crystal violet. Three random visual fields were observed under the microscope.
TUNEL assay
Cells were washed with 1× PBS once for 3 min and then fixed with 4% paraformaldehyde at room temperature for 30 min. The cells were washed with 1X PBS 3 times for 3 min/time. The cells were incubated with 0.3% Triton ×100 at room temperature for 20 min. Then, the cells were washed with 1× PBS 3 times for 3 min/time. The TUNEL assay solution was prepared (TdT enzyme: fluorescent marker solution =1:9). The cells were incubated with the TUNEL detection liquid at 37°C in the dark for 1 h. The cells were washed with 1× PBS 3 times for 3 min/time. The PI dye solution was prepared (PI: PBS=1:500) and incubated with the cells for 5 min (at room temperature and away from light). The cells were observed and photographed under a fluorescence inverted microscope.
Western blotting
Total protein was isolated, and the protein concentration was measured using the BCA assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA). Equivalent 
Statistical analysis
Each experiment was repeated 3 times. Comparisons were analyzed using Student's t-test (two-tailed) for two groups and one-way ANOVA followed by Tukey's post hoc test for three groups. The statistical significance level was set at α=0.05 (two-sided). The mean ±SD is displayed in the figures.
Results
Overview of the small RNA sequencing
To identify HGSOC-associated tRFs, serum samples from three HGSOC patients and three healthy subjects were subjected to small RNA sequencing. After quality control of the 6 sequencing libraries, an average of 10.36 million raw reads were obtained from each library, and approximately 8.9 million clean reads (85.85%; Table S3 ) with a length >15 nt were retained. Among the total clean reads, 14,823,768 (27.76%) reads were mapped to miRNAs, 5,863,859 (10.98%) were mapped to tRFs and 258,239 (0.48%) were mapped to potential piRNAs and 7,048 (0.01%) were mapped to known piRNAs (Tables S4) . Six types of tRFs were found in the ovarian cancer and healthy control subjects (3ʹ-half, 5ʹ-half, itRF, tRF-1, tRF-3 and tRF-5), among which tRF-5 was the dominant tRF (occupying 62.18% and 62.48% in ovarian cancer patients and healthy controls, respectively), followed by 5ʹ-half and itRF (Table S5) .
Differentially expressed tRFs between the HGSOC patients and healthy controls
A total of 2,165 tRFs were expressed in the sera of the HGSOC patients and healthy controls. From these tRFs, 27 differentially expressed tRFs were identified between the HGSOC patients and healthy controls, including 22 and 5 tRFs that were up-and down-regulated in the HGSOC patients, respectively ( Figure 1A and B) . Through GO analysis, we found that the targeted genes of the differentially expressed tRFs were mainly involved in protein phosphorylation, cell migration, protein dephosphorylation and other processes (Figure 2A ). After mapping all of the targeted genes to terms in the KEGG database, we found that the differentially expressed tRFs primarily participated in the pathway in cancer, MAPK signaling pathway, FoxO signaling pathway, and Wnt signaling pathway ( Figure 2B ).
Validation of the differentially expressed tRFs
To validate the differential expression based on the fold changes and abundances, 3 highly expressed candidate tRFs (tRF-07650, tRF-03357, and tRF-03358) were measured by real-time PCR in 20 HGSOC and 15 control samples. Our results showed that tRF-03357 and tRF-03358 differed between the ovarian cancer patients and controls ( Figure 3A) . Therefore, tRF-03357 and tRF-03358 were evaluated in ovarian cancer cells (SK-OV-3 and HO8901) and human ovarian epithelial cells (HOSEPIC) by real-time PCR. tRF-03357(P=0.047) and tRF-03358 (P=0.027) expression in the SK-OV-3 and HO8910 cells was significantly increased compared with that of the HOSEPIC cells, and the fold change of tRF-03357 was higher than that of tRF-03358 ( Figure 3B ). Therefore, tRF-03357 was examined in the subsequent experiments. After transfection with the tRF-03357 mimics, tRF-03357 expression in the HOSEPIC cells was significantly upregulated compared with that of the cells transfected with the mimics-NC ( Figure 3C , P=0.0001).
Conversely, tRF-03357 expression in SK-OV-3 cells transfected with the tRF-03357 inhibitor was significantly downregulated compared to that of the cells transfected with the inhibitor-NC ( Figure 3C , P=0.002).
tRF-03357 promoted ovarian cancer cell proliferation, migration and invasion
The effects of tRF-03357 on the proliferation of both HOSEPIC and SK-OV-3 cells were assessed. The CCK-8 assay results showed that the proliferation of HOSEPIC cells transfected with the tRF-03357 mimics gradually increased compared with that of the normal control ( Figure 4A ), whereas the proliferation of SK-OV-3 cells transfected with the tRF-03357 inhibitor was significantly inhibited compared with that of the normal control ( Figure 4B ). Moreover, we examined the invasive ability of both SK-OV-3 and HOSEPIC cells using the Transwell invasion assay. Similar results were obtained that the number of migrating cells in the tRF-03357 mimics group was markedly increased compared to that of the control group ( Figure 4C ), whereas the number of migratory cells in the tRF-03357 inhibitor group was markedly weakened compared to that of the control group ( Figure 4D ). However, the TUNEL assay showed that the effect of tRF-03357 on apoptosis was not significant (Figures S1 and S2 ).
tRF-03357 inhibited the expression of HMBOX1
Five predicted target genes of tRF-03357 were detected by real-time PCR. The results revealed that HMBOX1 was significantly increased by the tRF-03357 inhibitor, whereas PKN2, KLF3, PTPN13 and ESR2 were not significantly different ( Figure 5A ). As expected, the tRF-03357 mimics significantly decreased the HMBOX1 mRNA level ( Figure 5B) . Similarly, the HMBOX1 protein expression level was increased by the tRF-03357 inhibitor and decreased by the tRF-03357 mimics ( Figure 5C ).
Discussion
HGSOC is one of the most common ovarian epithelial malignancies. It is usually diagnosed at an advanced stage and accounts for 75% of ovarian cancers. 1 Accumulating evidence has shown that tRFs are critical regulators of cancer-related processes and may be novel diagnostic and therapeutic targets for tumor treatment. 14, 15 However, little is known about the roles of tRFs in ovarian carcinoma, especially HGSOC. This study is the first comprehensive and large-scale evaluation of tRFs in HGSOC. A total of 27 differentially expressed tRFs were identified between serum samples of HGSOC patients and healthy controls. The differentially expressed tRFs were mainly involved in the functions of protein phosphorylation and regulation of transcription and cell migration and the pathways of pathway in cancer, MAPK signaling pathway, FoxO signaling pathway, and Wnt signaling pathway. Moreover, real-time PCR verified that tRF-03357 and tRF-03358 were significantly increased in the HGSOC patients compared to their expression in the healthy controls. Further study showed that tRF-03357 promoted SK-OV-3 cell proliferation, migration and invasion, as well as downregulated HMBOX1 expression. The MAPK pathway, which is commonly known as the RAS-RAFMEK-ERK signal cascade, plays a vital role in multiple physiological processes, including cell proliferation, differentiation and apoptosis. 16 The canonical MAPK pathway is activated by a combination of growth factors (such as EGF) and cell surface receptors, primarily tyrosine kinase receptors (RTKs, such as EGFR), which leads to dimerization and transphosphorylation of the RTKs. 17 Aberrant activation of the MAPK pathway has been widely identified to be closely associated with a variety of cancers. formation, and invasion through autophagy regulation via activating the MAPK-JNK-ERK1/2-mTOR pathway. 20 Additionally, the Wnt signaling pathway plays a role in all three major gynecological cancers (ovarian, uterine and cervical). 21 The Wnt ligands, including Wnt7A and Wnt7B, were reported to be increased in ovarian cancer and mediated tumor growth and progression via the WNT/beta-catenin pathway. 22, 23 This study showed that the targets of differentially expressed tRFs were mainly involved in the MAPK and Wnt signaling pathways, indicating that tRFs might modulate ovarian cancer progression via these pathways.
Recent studies have shown that tRFs are a new class of regulatory factors. Under cell stress, tRFs induced by ANG can induce the assembly of stress granules (SGs) and inhibit the synthesis of global proteins in a manner independent of eIF2 phosphorylation 24, 25 or by binding ribosomal proteins and fine tuning the protein synthesis rate. 26 Moreover, tRNA methylation has been shown affect the stability and maturation of tRNAs. NSUN2 is a tRNA methyltransferase modifying tRNAs, and has been shown in association with human cancer prognosis such as ovarian cancer 27 and head and neck carcinoma. production has two approaches, a dicer-dependent and -independent manner. 29 tRNA methylation has been shown to affect miRNA maturation, and maybe also for tRFs, given both share the similar maturation mechanisms. Moreover, tRFs have a mechanism that acts similarly to miRNAs, which can form a RISC complex with the Argonaute protein dependent on DICER generation and perform sequence-specific silencing of mRNA expression. For example, the generation of tRF-CU1276 is dependent on DICER1, which can bind four Argonaute proteins and can inhibit B lymphocyte proliferation and regulate DNA damage by silencing expression of its target gene RPA1. 30 In this study, we found that tRF-03357 downregulated its predictive target gene HMBOX1, suggesting that tRF-03357 might function similarly to a miRNA in ovarian cancer.
HMBOX1 is a transcription factor belonging to the hepatocyte nuclear factor family, which has been reported to be related to the development of several tumors. A previous study showed that HMBOX1 expression in HGSOC tissues and ovarian cancer cell lines was significantly lower than that in ovarian epithelial tissues or normal ovarian epithelial cell lines, and overexpression of HMBOX1 suppressed proliferation of the A2780 cell line. 31 In human gliomas, the c-Fos/miR-18a feedback loop increased tumor growth via HMBOX1. 32 In liver cancer, HMBOX1 inhibited tumor progression via elevating the autophagy level as well as suppressing stemness and immune escape. 33 However, in gastric cancer, HMBOX1 was upregulated and contributed to a poor prognosis by facilitating cell proliferation and migration, 34 indicating distinct roles for HMBOX1 in different cancers. Our study showed that tRF-03357 predictively targeted and downregulated HMBOX1 expression. These findings indicate that tRF-03357 promotes the proliferation, migration and invasion of ovarian cancer might partly by downregulating HMBOX1.
Conclusion
In conclusion, tRF-03357 significantly promotes the proliferation, migration and invasion of ovarian cancer cells. This study might provide a potential diagnostic and therapeutic target for ovarian cancer. 
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